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occasionally in the playground. The motive for this may have been anti-semitic but it may also have been due to an idea which gained currency in the middle of World War I that all people with 'foreign names' were pro-German and possibly connected with espionage. Only those who remember that time can understand the extent to which this phobia influenced even people who were otherwise sensible and fair.
Tolansky reacted to this situation by accepting a degree of ostracism. He took long walks in the country with a single Jewish companion to whom he tried, with incomplete success, to explain the operation of the cat's whisker radio se t! It would have been understandable-and indeed pardonable-if in later life he had shown a bitterness and harshness in his attitude to certain people. In fact, he was both kindly and fair-minded.
During this period he attended the Hebrew school on Sundays for religious instruction and learnt to write Hebrew which was required to enable him to be confirmed. At this time-before he was 12 years old-he was a frequent visitor to the Central Library and already began to show a breadth of interest which was typical in later life.
The schooling at Snow Street Primary School may have been poor but it was still good enough to enable Tolansky to climb the next rung on the educational ladder by obtaining a scholarship to Rutherford College (Boys' School). He was a pupil at this school from 1919 to 1925, i.e. from the age of 12 to the age of 18. W. A. Husband, who was at Rutherford College at the same time as Tolansky, has given this pen-sketch: 'To me he seemed self-confident, even mature, particularly in physics, chemistry and mathematics classes where I felt uneasy. Although there was a numerically significant group of Jews in the school they were held to be different; as I was, having a broad Lowland accent. Tolansky always seemed to me to wear serge suits, the shorts too long for boyhood fashion and the face above the suit more appropriate to long trousers. . . . I knew a boy with an unusual aptitude and a driving interest which caused any differentiation because of his Jewishness to sink into irrelevance. . . . He gave one lonely Scottish boy a measure of off-handed friendship which has been of lifelong value.' Tolansky was not good at games, perhaps owing to disinclination or to poor sight without glasses, or to both. It may reasonably be supposed that at this time he made increasing use of the public library to extend his interest in the many subjects which somewhat later he discussed with university friends. In 1925, Tolansky gained a Rutherford College Leaving Exhibition and the Earl Grey Memorial Scholarship to Armstrong College, then part of Durham University. It is interesting to note that in the publication F e l l o w s h i p s, scholarships and prizes at Armstron (covering the period 1925-32) Tolansky's name appears no less than eight times. His awards were (i) Earl Grey Memorial Scholarship (1925) , (ii) Senior Pemberton Scholarship (1927) , (iii) Gladstone Memorial Prize (1928), (iv) Mark R. W right Prize (1929) , (v) College Fellowship (1929) , (vi) Henry Clifford Stroud Prize (1931) , (vii) Earl Grey Memorial Fellowship (1931) and (viii) Senior Studentship 1851 Exhibition Award.
Biographical Memoirs
A t A rm strong College, Tolansky formed a friendship with Stanley Fletcher, who took his bachelor's degree in the same year (1928) . Each of them was awarded first-class honours.
O f this period Stanley Fletcher w rites: 'As an undergraduate, besides being an indefatigable worker in his own subject, he read widely in other fields such as astronomy, psychology and music, incidentally assimilating m uch biographical detail concerning the out standing figures in these as well as in physics. H e was thus endowed w ith a fund of stories which he would recount with glee when the occasion arose. ' A nother friend of this period (who was not an undergraduate) w rites: 'W henever we were out walking he pointed out beetles and insects to me. Also in the evening he used to point out to me the various stars in the galaxy. H e loved music. . . . H e loved the Unfinished Symphony of Schubert. . . . On his recom m endation I read The Forsyte Saga. H e used to say: "A scientist m ust allow for a m argin of error." ' T h e Gladstone M emorial Prize, a history prize at Arm strong College, was awarded to him for an essay entitled, 'T h e H istory of the Jews in Newcastle' partly based on material he found on the tom bstones in a forgotten Jewish graveyard behind the Stoll T heatre.
Like many other students of his day Tolansky was in receipt of a teacher training grant and in consequence spent the year 1928-29 in the Education D epartm ent of his College studying for the Diploma in the T heory and Practice of Teaching. T h e course involved lectures, teaching practice and a dissertation. Tolansky was an outstandingly good trainee teacher and his dissertation on the im portance of interest in teaching was judged one of the best ever to be sub m itted; indeed, at the end of the year he was awarded the M ark W right Prize for being the best student of his year and was placed first in Division I at the examination for the Diploma in the Theory and Practice of Teaching (D .T h .P .T .). D uring this year he continued to read widely on psychology and conducted a series of experiments. T h e odd facts he discovered in his reading made him a very interesting and entertaining lecturer. One of the present w riters recalls w ith pleasure and amusement his lecture on 'G hosts'.
Tolansky began research work in the physics departm ent of Arm strong College in 1929 under the direction of Professor W. E. Curtis, F.R .S., a world authority on line and band spectra. T h e tim e was propitious, for Curtis had been head for only three years bu t during that tim e he had created research facilities where formerly none had existed. N otw ithstanding severe financial stringency, he had acquired high quality spectroscopic equipm ent so that Tolansky went into a laboratory equipped w ith several H ilger spectrographs, a Hilger N-71 variable gap Fabry-P erot interferom eter and good auxiliary equipm ent such as m icrophotometers and measuring machines. An excellent 21 ft grating spectro graph was also available at the T ynem outh residence of D r W ilfred Hall, a Tyneside shipowner. T h e research laboratories comprised two small rooms at the top of the A rm strong Building, the larger being above the main lecture theatre used frequently by large classes of noisy students. In Curtis, Tolansky 432 was fortunate in finding an enthusiastic young professor, keen to try out new ideas in research. Moreover, Curtis had been trained in the severe school of Professor A. Fowler (of Imperial College, London) and insisted on his research students conforming to the same high standards of training, accuracy and scientific integrity. T hus Tolansky learnt research the hard way; he had to construct apparatus with his own hands, and had to acquire for himself vacuum technique and the art of glass-blowing. Indeed, it was commonly said at this time that Curtis allowed each of his students to 'ruin fifty feet of glass in the course of their training'. By the time Tolansky entered the research group it included several good students, experts such as Patkowski, and from time to time was visited by former students working abroad.
Tolansky brought to the group his own special gifts-a boyish, and quite infectious enthusiasm, a flood of ideas, a zest for hard work, and an increasingly sophisticated technical knowledge. He was undoubtedly a 'green fingered' experimentalist-rather of the R. W. Wood kind. Never a day passed without 'Tolly', as he was affectionately called at Newcastle, reporting some new observation of interest-a peculiar intensity in a spectral line, a new hyperfine structure, a new spin value and so on. Indeed, his discoveries became so well known in the department that news filtered down to the undergraduates working in the honours laboratories below. A former student (E. R. Elliott) recalls that one day word spread that Tolly had discovered fine structure in a well known line, thought previously to be single; the next day, however, a correction came down as the doubling had proved to be only self-reversal! Again, rum our had it that although Tolansky would not work on the Jewish Sabbath he would sometimes be seen outside the physics department at sunset on Saturday night waiting to start work again! After two years' research at Armstrong College, Tolansky was, in 1931, awarded the Earl Grey Fellowship of the University of D urham to work in Professor F. Paschen's laboratory at the Physikalisch-Technische Reichsanstalt in Berlin. T he move had a profound effect on his future academic and personal life.
Newcastle had given Tolansky a fine start in spectroscopy but the laboratory there could not match Berlin in its wide range of techniques nor in the overall quality of its spectroscopists. Paschen himself was a giant among spectroscopists, cast in the classical mould of Lockyer, Kayser and Fowler, and his interests covered almost the whole field of line spectroscopy-atomic line spectrum analysis, precise wavelength determination, hyperfine structure, magneto-optics-and technical developments such as the Paschen galvanometer, the hollow cathode discharge tube and a grating mounting. Moreover, Paschen's attitude to research found a ready response in Tolansky, for whereas Curtis was cautious and painstakingly accurate, Paschen was adventurous and carefree. Two of the techniques which Tolansky learned in Germany, namely, the production of ultra-high reflectivity films by evaporation and the use of the hollow cathode tube were brought back by him to England. These techniques are now commonplace but at the time were innovatory.
On the personal side the Berlin year led to his introduction to the Pinkasovich family and a growing affection for their youngest daughter Ottilie, whom he was to marry in 1935. Ottilie's father, Salomo, was Obercantor of the Alte Synagogue, the most famous and historically the oldest synagogue in Germany. T h e Obercantor was a singer of international repute who had made more than 300 gramophone recordings. Ottilie was at that time studying at the Berlin Academy of A rt for she had long shown that she was unusually artistic. In the years that followed she became a well known artist and in various publications she was thanked by Tolansky for help with diagrams or pictures, the first reference being in the preface to Tolansky's first book, his monograph on Fine structure in line spectra and nuclear spin. Because of the political situation in Germany the Pinkasovich family moved to England in 1934.
After his fruitful year in Berlin Tolansky was elected to an 1851 Exhibition Senior Studentship, a coveted research award, which he held in Professor A. Fowler's laboratory at Imperial College, London, for two years. Once again he distinguished himself. References and letters show that Fowler had a high opinion of his skill in interferometry, of the fertility of his mind and of the sound theoretical interpretation of his observations. It was during this period that Tolansky began to write the book already referred to, but this task did not restrict his output of original papers.
Tolansky moved to M anchester in 1934 when he joined the physics departm ent as an assistant lecturer under W. L. Bragg; he was subsequently promoted lecturer, senior lecturer and reader. He left M anchester in 1947 on being elected to the Chair of Physics at Royal Holloway College. In spite of the war the M anchester period was a happy one in many ways for he and Ottilie set up their first home and their first child (Ann) was born. They found the high level of culture and friendliness, both inside and outside the university, much to their liking. Over this period Tolansky grew steadily in stature as a university teacher and academic, and indeed, for the first time in his life, he was able to play a full part in undergraduate teaching. On the research side, with the help of distinguished visitors and research students, he set up his own school of interferometric studies. His visitors included J. Brossel, later to be awarded the Holweck Medal and Prize of the Institute of Physics, and J. S. Courtney-P ratt; and his students, N. Tolansky's teaching duties included running one of the honours laboratories and lecturing at honours standard in atomic physics and optics. For quite long periods too he gave help with the administration of the department. His lectures were thorough and informative and were delivered in a racy style which made them most stimulating. T he lectures in atomic physics were, at the suggestion of Bragg, gradually expanded and written up in book form. This book entitled, Atomic p h y s i c s , published in 1942, effectively replaced the popular Crowther's Ions, electrons and ionizing radiations and ran into many editions. As might be ex pected, however, it was in his optics that Tolansky made the greatest impression for to this subject he was able to bring his detailed knowledge and experimental skill. Parts of this course were later published as two books: High resolution spectroscopy, in 1947, and Multiple-beam interferometry o f surfaces and , in 1948. T he lectures were illustrated by beautiful demonstrations in which he received much help and advice from W. Kay who, as R utherford and Bragg had found in earlier years, was uniquely gifted in such matters. Students of that period recall with pleasure the beautiful barber's pole experiment (the scattering and rotatory dispersion of plane-polarized light in sugar solution), soap-bubble fringes, N ewton's rings ('as fine as hairs'), Fabry-Perot fringes ('as big as bus wheels'), brilliantly coloured multiple beam fringes of many different kinds and some of the first interference filters. Some of his later experiments were indeed 'h o t' from the research bench. Moreover, with the demonstrations there came a veritable flood of practical scientific hints, such as this favourite one, 'if you can see a fringe you can photograph it'.
Two other features of his teaching of optics deserve mention. T h e first was his ability to make his subject seem simple, and the second his sense of history. He was widely read in the history of optics particularly in Germ an literature and this enabled him not only to bring out much sophisticated detail bu t to place discoveries in their proper historical settings.
A part from teaching, Tolansky's work at M anchester may be considered in three p a rts: first, the continuation of his research work on nuclear spins, up to 1941, secondly, his war work, and thirdly, his development from about 1942 of multiple-beam interferometry. T he first and third parts are dealt w ith elsewhere in this memoir and therefore only the war work* will be considered here.
Tolansky remained at M anchester University for the whole of the war and he felt it keenly that he was never invited to contribute directly to the war effort in spite of the fact that he had many ideas in optics, such as the colour filter signalling device which he worked out with Behrens. In 1943 he was given a contract on the 'T ube Alloys' project, presumably by the Americans, to get all the optical information he could about the uranium 235 isotope. T hereupon he made plans for the measurement of its spin, a most formidable task w ithout enriched uranium since the proportion of uranium 235 in natural uranium was 1 : 140. Moreover, the structure was expected to be small and it would have to be examined in the presence of many overlapping spectral lines. T h e 'X-metal* arrived in May 1943, and Tolansky succeeded in exciting a brilliant arc spectrum by using a water-cooled hollow cathode discharge tube w ith a gas circulation system. T he spectrum was examined with suitable spectrographs crossed with Fabry-Perot interferometers, from the ultraviolet to the infrared, and structure was found in a very strong line at a wavelength of 502.7 nm. Tolansky deduced that the transition involved low values of J and that for the levels concerned, the J values were equal. W ith this assumption the spin was found to be definitely greater than \ and more probably f or This was as far as Tolansky got for the enriched uranium which had been promised never materialized. It is of interest that the value of the spin of 235U now commonly quoted is f .
In 1947, at the age of 39, Tolansky was appointed Head of the Physics Department in Royal Holloway College and became a Professor of Physics in London University. He held this post until his death just over a quarter of a century later. He came to a department with very little of the resources in apparatus, workshops and personnel now considered essential for research in physics. He met this situation by applying the methods of interferometry which he had invented at Manchester to a wide variety of topics. In this way, with a minimum of apparatus and of technical assistance he was able to find a series of interesting problems for himself and for a succession of students. Most of his work on diamonds and his other researches on microtopography were carried out at Royal Holloway College. The interest and importance of his early work on diamonds were such that de Beers Diamond Research Laboratory was very willing to provide specimens for further research even when this involved destruction (e.g. by etching) of valuable material. During this period, 12 books and over 200 scientific papers were published. Tolansky achieved a high inter national reputation as a scientist and became well known to a much wider public through his appearances on television and his public lectures. For a number of years he regularly gave radio talks on scientific subjects for the European Overseas Service of the B.B.C. He also contributed to the series 'Today', 'World' and 'New-World'.
As a lecturer he appeared indefatigable. There were frequent lectures to student societies and to specialists at universities. He was particularly glad to talk to schools, including the school at Grantham where Newton was once a pupil. It was impossible for him to accept all the invitations he received to lecture both in Britain and abroad. He visited the U.S.A. twice, Israel and various countries in Europe. He had to decline invitations for lecture tours in Russia and in India.
In addition to his work at Royal Holloway College, Tolansky served London University in a number of ways, especially in regard to examinations: he T h e above classification is not very precise and some papers fall into more than one group, e.g. there are several papers on the examination of diamond surfaces by multiple beam interferometry. It does, however, correctly represent the fact that multiple beam interferom etry was probably his greatest contribution though his early work on spectroscopy and his later work on diamond physics were of great significance. Nonetheless any one of these would entitle Tolansky to a place in the history of twentieth century physics. T h e above classification also correctly indicates that the work on lunar dust is only a small part of his total contribution to science. It was unfortunate that this work seized the popular imagination to such an extent that, when he died, many people knew of him only in connexion w ith this topic.
(b) General contributions Before proceeding to the four main topics listed above we may conveniently give some consideration to the miscellaneous papers on a wide variety of subjects. T his group itself m ust be subdivided. Tolansky was an easy target for an editor who wanted an article w ritten for physicists specializing in other subjects, for scientists in general or for the general public. He was willing to put other work aside and write an article in a very short time. W hat he produced was authori tative, clear and well adjusted to the needs of the particular type of reader for whom it was intended. He had all the qualities-and their combination in one person is rare-required of a scientific journalist. A nother subgroup concerns historical and other curiosities of science: e.g. he read in the Philosophical Transactions o f the Royal Society of 1770 a paper which interested him and thought, quite correctly, that it would interest others. He wrote the short article 'An 18th century scientist's report of M ozart' for the New Scientist and later he broadcast a talk on this m atter which was published in The Listener. He never returned to this topic. He had made an interesting point and was wise enough to leave it there. Yet another subgroup of the miscellaneous papers arose in the following way. Tolansky thought of an idea on some aspect of physics, entirely outside the field in which he was working. He wrote it up immediately and subm itted it for publication. T h e letter to Nature on the symmetry of snow crystals is an example. N ot all of these 'sharpshots' hit the bull's eye: he did not expect this. He rightly considered that if his idea was correct it would advance the subject directly; sometimes if not correct it would still stimulate Samuel Tolansky 437 the specialists in the field by causing them to look at their subject from a new angle and so advance the subject indirectly. Tolansky wrote a book and two papers on visual illusions. In his preface to the book he says that most of the illusions shown are not new, some having been known for a century or more. From the point of view of the scientist his contribu tion was to show that one kind of visual illusion could be a serious source of error in some kinds of physical measurements. For the general reader he produced a most interesting book with many curious and beautiful illustrations. T he chapter on the way artists have 'adjusted' the size of the moon to suit their composition is like a 'study' by a great artist-a minor masterpiece in itself.
(c) Spectroscopy Tolansky's contributions to spectroscopy, which gave him a well deserved international reputation, spanned the years 1930 to 1948 and comprised 38 papers and 2 books, one an excellent text on High resolution , published in 1947, the other the M ethuen monograph entitled Hyperfine structure in line spectra and nuclear spin, first published in 1935, and later completely revised and reissued as a second edition in 1948. Almost all of the papers were published before 1953. They included the following topics:
(1) hyperfine structure in atomic line spectra, (2) the empirical analysis of spin values and (3) technical matters relating to high resolution instruments.
Tolansky's first piece of research was a study of the relative intensities of the lines in the Hg i spectrum when emitted by a high frequency source or an arc discharge. He found that all lines based on singlet levels were strengthened in the high frequency discharge but triplet lines were weakened. A convincing explanation of the differences in the intensities was given in terms of the de pendence of the excitation functions of singlet and triplet levels on the vapour pressure of mercury. T he effects of the shapes and sizes of tubes on the discharge were also studied, the source giving the narrowest and most brilliant lines being a tube 150 cm long excited by a 200 W r.f. oscillator operating at 20 m wavelength. T he colour effects were very striking and such tubes would run at very low pressures (< 1 (xm Hg, 0.1 Pa). Using this fact Tolansky pro ceeded to look for hyperfine structure with a Fabry-Perot interferometer and he found structure in many lines. H e had, however, selected for study a most difficult spectrum because the structures arising from the odd mercury isotopes (199 and 201) overlapped and were confused by the anomalous isotope shifts of the even isotopes (198, 200, 202 and 204) . T he problem was solved later by the brilliant work of Schuler and his co-workers. Tolansky's main contribution was to provide accurate data of high reliability. A notable by-product of this work was a much improved method of determining the fractional part at the centre of a Fabry-Perot ring system for a line with several components.
Tolansky's next research in hyperfine structure was concerned with chlorine which had two odd weight isotopes (35 and 37) and therefore would be expected to show spin structure especially in those lines of the Cl n spectrum which arose from a penetrating electron. Somewhat surprisingly no structure was found.
Structure was also lacking in lines in the spectra of some other odd atomic weight elements notably phosphorus, aluminium and silver. Since in all of these cases the isotopes were known to have spins it was concluded correctly that the ^(i) values were very small.
Other elements proved more rewarding, in particular, bromine, which he began to study in Newcastle, iodine, again started in Newcastle (where Curtis and Evans had obtained the first term analysis), and of which he made a particularly detailed study over many years, arsenic, tin, antimony and copper. In some cases, notably arsenic and iodine, the hyperfine structure analysis was used to confirm, correct, and sometimes to extend, suggested atomic term assignments in the gross level structure. Examples were found of perturbations, anomalous even isotope effects and nuclear quadrupole moments. T he high quality of his work, which ranked with the best done in the world, undoubtedly stemmed from his experimental skill in making light sources which produced narrow, intense lines and metal coatings of very high reflectivities. As already pointed out, these skills owed much to his research experience in Germany.
Apart from experimental work Tolansky made several attempts at the empirical analyses of nuclear spins, the most striking of which concerned the frequency-spin distributions of odd atomic weight nuclei with either an odd neutron or an odd proton. For the odd neutron nuclei, spin \ values were common with the frequency falling rapidly to f , while for odd proton nuclei, the distribution was flatter, the commonest spin values being f . Following current theoretical ideas (e.g. Lande, Tamm, etc.) Tolansky assumed that the observed spins arose from a combination of the intrinsic spin of the odd particle outside the closed shells, and the orbital motion of the particle. Small spins were then due either to the opposition of intrinsic and orbital spins or to no contribu tion at all from the orbital motion. W ith various additional assumptions rough explanations of spin values were made: many anomalies, however, remained, for example, the predicted spin of 10B was 1, whereas the actual spin was 3. Tolansky never attempted the correlation of his empirical relations with the predictions of successive versions of the shell model as this was developed from 1937 onwards.
(d) Interferometry
T he period at Royal Holloway College, University of London, was characterized by the application of multiple beam interferometry to a wide and varied range of problems. T he great power of this technique had begun to be exploited at Manchester with studies of the surface topography of a num ber of crystals, including quartz, mica and selenite. It was a line of research particularly well adapted to the conditions at Royal Holloway College in the early fifties, since there was a rather severe shortage of space. T he main work horse for this work was the vacuum coating plant, to which a Vickers projection microscope and two or three ordinary microscopes were added. These, together with care and patience on the part of novitiates to the order, and with Tolansky's ebullient enthusiasm and encouragement, served to steer a steady succession of students through Ph.D. programmes, and produced a rich variety of fascinating results in several areas of surface studies. M any of the interferograms produced were aesthetically interesting and often striking. Research students generally spent about three months acquiring the skills needed to produce good interfero grams. The method is simple but care and patience are required to ensure that the results obtained are clear and free from adventitious blemishes. Unwanted dust or scratches can easily produce features vastly larger than those which the method is capable of revealing on the surfaces examined. T he method requires the very close approach, to within a matter of wavelengths, of the reference flat to the surface under study. Actual contact, however, is liable to damage the soft silver coatings used for these experiments. T he acquisition of the required skill at a high level was a rewarding business. Each new surface studied was likely to reveal unexpected and often picturesque convolutions of the very fine fringes present; each plate was likely to produce a challenge in interpretation or to reveal features which called for a revision of established ideas. T he excellence of the fringe pattern produced by an apostolic succession of students proved a stim ulus; no student could be satisfied with poor results when exposed on all sides to patterns of striking finesse and impressive contrast and clarity. Any scepticism on the claims made for the method was rapidly swept away when the interfero grams were closely studied. W hen successive fringes in a Fizeau pattern appear 100 mm apart and when all the necessary parameters have been optimized, steps of molecular dimensions are revealed with remarkable clarity.
One of the earliest applications of interferometry during this period was that to the examination of oscillating quartz crystals in which, for the first time, an immediate dynamic picture of the modes of oscillation over the whole of a crystal surface was to be seen. At about the same time a series of studies was initiated on the topography of a range of crystals, with particular emphasis on the observation of effects which were to be expected on the basis of dislocation theories. These included such features as growth spirals (observed on silicon carbide and diamond), ring cracks, slip bands and etch pits. Special attention was paid to diamonds and this work will be considered separately.
Another area of interest to which interferometry lent itself in an elegant fashion was that concerning hardness testing. Interferograms of the indentations made by the standard hardness tester could be studied with extremely high resolution thus offering the opportunity of converting a semi-empirical method into one enabling very precise characterization to be made. T hus the directional dependence of the hardness of bismuth crystals was fully explored by this method. T he experience gained in these studies placed Tolansky in a strong position when, at a later stage, information was urgently required in the area of micro-meteorite impact on surfaces. In a related metallurgical area, but linked nevertheless to Tolansky's favourite crystal, studies were made of the profile of metal surfaces turned by diamond tools.
Although by far the majority of the work on interferometry carried out at Royal Holloway College was by means of multiple beam Fizeau or Feco fringes observed at normal incidence, Tolansky did in addition evolve a number of other optical techniques. His refinement of the light-slit technique extended the range of problems for which this could be used. He investigated non-normal incident effects in interference patterns. He produced multiple beam fringes in a variety of ways, with white light, with bent mica-his hunches seemed invariably to lead to some new, unexpected outcome, and to a strikingly new and often beautiful pattern of fringes. Whereas his colleagues sometimes appreciated only the aesthetic value of the results, Tolansky's remarkable powers of observation would frequently extract surprisingly large amounts of information from the plates produced.
(e) Diamond physics M ost of Tolansky's work on diamond involved the application of his own methods to the microtopography of diamond surfaces. T he main topics which he investigated were:
(a) the detailed topography of octahedron faces of natural diamonds; (b) the study of surfaces which have been treated by abrasion, wear, polishing or by etching in hot potassium nitrate; (c) the comparison of microstructures on natural and synthetic diamonds; (d) the topography of scratches made by a glazier's diamond when new and after traversing a long distance (up to 12 miles) on a glass surface; (e) the study of percussion marks produced when a hard ball is dropped on to diamond or pressed on to it under a heavy load.
Tolansky found that there are numerous small triangular shaped depressions, called trigons y on the octahedral faces of natural diamonds. The existence of large trigons some of which are visible to the naked eye was known earlier. It was Tolansky who found the small ones and estimated that their density was some times as high as 5000/mm2. T he depths of these trigons were of order 100 A to less than 10 A. T he examination of their detailed structure called forth all his experimental skill. Some trigons show a steep descent to a flat bottom; others are very shallow with angles of only 100' to 15' to the main surface. These have a pyramidal structure, the bottom being essentially a point which is to some degree rounded. Tolansky found that when natural diamonds are etched by hot potassium nitrate, more trigons are produced. These differ from the natural trigons in being less sharp and, more important, in having a different orientation with respect to the edges of the triangular octahedral planes. Tolansky therefore thought that the natural trigons were growth features, but experts on crystal growth and solution believed that they were produced by etching under con ditions different from those which Tolansky had used. One of the present writers remembers several conferences at which Tolansky showed beautiful pictures of detailed relations between the natural trigons and other topographical features. He always considered that these pictures supported the growth theory but invariably his opponents gave interpretations which were consistent with the solution theory. Arguments vigorously stated, but with good humour, enter tained the listeners. When it was shown that trigons of either orientation could be produced by controlling conditions of gas etching, the general opinion moved in favour of the solution theory and the controversy subsided. Tolansky himself, in collaboration with Miller and Punglia later showed that trigons of either orientation could be produced with a liquid etchant.
Tolansky found that very strong etching produces a pattern of irregular blocks. One of these patterns gave what is perhaps his most dramatic and beautiful picture of diamond topography. He called it the 'M anhattan sky line' of diamond. He also found that controlled etching revealed small circular marks which he interpreted as percussion marks due to numerous impacts of stones during mining and sorting operations.
It is known that, at temperatures less than about 1600 °C, a diamond subjected to strong stress breaks by brittle fracture without plastic deformation -when there is no applied pressure. It is, however, possible that when a hard ball is pressed into a diamond the combination of hydrostatic pressure and shear stress is such that some plastic flow occurs before brittle fracture produces a ring crack. Tolansky's methods showed that an area around the ring crack is raised a little above the original level of the surface. This is one of the strongest pieces of evidence in favour of plastic flow of diamond at room temperature.
Tolansky wrote a book on the industrial uses of diamond. He also wrote several papers and a book on the history of the use of diamonds as jewels and as cutting tools and on the associated folklore. This book contains a great deal of very interesting information. Of the illustrations, one can only say that Tolansky excels himself in their appropriateness and their striking historical beauty. There are reproductions of famous paintings of kings and queens wearing diamonds and also some excellent photographs of famous jewels including a number belonging to the Queen.
Biographical Memoirs
(f) Moon dust Tolansky made two predictions about objects likely to be found on the surface of the Moon. In 1965 he suggested that micro-diamonds might be brought to the Moon by meteors or formed when shock waves, due to the impact of meteors, produced briefly the conditions of high pressure and tempera ture required for the formation of diamonds. He also suggested that diamonds might be formed in the Moon's interior and, in the distant past, brought to the surface (or near the surface) by volcanic action. When, in 1968, the unmanned Moon probe Surveyor V revealed the existence of an appreciable amount of carbon on the surface of the Moon, Tolansky returned to his prediction of diamonds with enthusiasm. However, he recognized that there were many difficulties and said 'all in all there would appear to be a sporting chance of a fair concentration of diamonds, especially around crater lips'. No diamonds have been found and it now appears unlikely that there are diamonds on the surface of the Moon except perhaps in rare local patches. His suggestion that some might be several feet underneath the surface is, of course, still untested.
Tolansky's second prediction was made at a meeting of the Royal Society in February 1969. He described the results of interferometric examination of tektites, small roughly spherical glassy objects probably associated with the impact of meteors. H e suggested that similar objects m ight be found on the Moon. Samples of moon dust were found to contain an abundance of these particles. Tolansky estimated that a kilogram of lunar dust contains about 40 000 tektites in the size range 1 m m to 0.1 m m and that the num ber of extremely small ones m ust be enormous. H e conjectured that there m ight be some larger ones and had the satisfaction of seeing on some of the photographs taken by the astronauts spheres of 1 cm in size-and the frustration of finding that none of these had been brought back. His study of the small spheres by microscopy including surface examination by his own interferometric methods was one of the outstanding examples of his experimental skill. H e showed that many of the small spherules were perfect spheres with the smoothness of surface associated w ith fire-polished glass.
C haracter and personality
T h e main events of Tolansky's life and his contributions to the improvement of natural knowledge have now been described. It remains to consider his interests outside science, his relations with people and his personal character; what manner of man he was.
T h e deepest and most abiding interest in his life, apart from his family and his scientific work, was in music though close to this was his appreciation of fine art, history and folklore. D r J. Eker, a life-long friend, writes:
'He was interested in music both as a science and as an art. He made researches on the "lustre magique" of Frederic Kastner, on the history of the gramophone record, on the improvement of the gramophone needle and on the history of percussion instruments.
'From early youth, he loved music. At Armstrong College he took courses on Form in M usic and sang in the Bach choir under Professor W hittaker. His greatest love was for Mozart, both the symphonies and the operas. H e was also passionately fond of Jewish liturgical music. Chazanuth (the art of the synagogue cantor) held a special place in his heart. Here again, the curiosity of the scientist could not be resisted. He researched and lectured on the history of Chazanuth and made a study in depth of all the musical instruments mentioned in the Old Testam ent. He attempted to define their character with precision and put forward his own theories on the interpretation of the terms used at the head of certain psalms. His Jewish interests were not limited to Jewish music. H e was a member of the Academic Advisory Council of the Cultural D epartm ent of the W orld Jewish Congress. ' His interest in art was outwardly expressed in his scientific work. It was not ju st chance that he chose for reproduction so many dramatically beautiful patterns. His wife, a distinguished artist, helped him here but the sense of the beautiful and the joy of its discovery were his own. His interest in history and in folklore was expressed in some of his writings such as his books on the History and folklore o f diamonds and on Visual illusions. These only partly expressed his wide-ranging interests.
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In regard to his relations w ith students, it is appropriate to allow the following tributes by three form er students to speak for themselves. D r D . J. Bradley (Professor of Applied Optics at Im perial College) w rites:
'T h e outstanding characteristics of Tolansky as a supervisor of research students were his w arm th and kindliness coupled w ith an infectious enthusiasm for research. W hile producing many ideas and suggestions, he believed in giving th e student freedom in the choice of his research topic. Likewise he did not " chase" his students for results, although he was readily available for discussion. T h e w riting of the thesis was left to the student and he did not act as editor. As a result m ost of his students developed a characteristic independence, w hich stood them in good stead la te r/ D r A. R. Verma (D irector of the N ational Physical L aboratory of India) w rites:
'W hen I joined the research group of Professor S. Tolansky in 1950, it was an exciting period. T h e dislocation theory of crystal grow th by Professor F. C. Frank had ju st received its first support from the laboratory from th e optical m icrographs on beryl crystals. I sought the perm ission of Professor Tolansky to study the surfaces of some crystals w hich I had brought. H e quickly tested their planeness by observing the tw o-beam interference fringes w ith a glass flat and replied that I could "play w ith these" . Soon the phase contrast m icrographs of (0001) planes of silicon carbide revealed num erous grow th spirals. B ut the Professor showed his real happiness w hen he saw the accurate m easurem ent of the monomolecular spiral-step-heights equal to 15 A by th e use of m ultiple beam interference fringes. All our Indian colleagues and I who were associated w ith him would like to pay our trib u te to Professor Tolansky. H e was more than a Professor to us and in him we had a great friend of In d ian scientists/ D r C. K . R. Varm a (H ead of the Physics D epartm ent, C .M . College, D arbhanga) w rites:
'I had the good fortune of studying under him and working w ith him for five years. H e took great interest in our progress and effectively guided us. W hile strongly advancing his own ideas, he always allowed and encouraged us to do independent thinking. W e were never afraid to disagree w ith him . O ne of Professor Tolansky's m any great qualities was his respect for tru th even where tru th was embarrassing. H ere is one example. H e and O m ar believed th a t they observed a case of slip in a diam ond crystal. A possible error in this observation came to be detected m any years later. W hen the m atter was brought to his notice, he at once asked me to publish it. In his passing away, we have lost a great scientist, a great teacher and a great m an. ' How he appeared to a colleague of about his own age is described by Professor W. C. Price, F.R .S., of K ing's College, L ondon:
'I shall confine my remarks to his influence on the teaching and adm inistration of physics in the U niversity of London where for 26 years he gave unsparingly of his tim e and energy to the welfare of the external as well as the internal activities of the University. As Chairm an of the Board of Studies he initiated the many reforms needed to keep the teaching of physics abreast of its advancing frontiers, preserving at the same time harmony among its many constituent colleges. He was also a great worker for those institutions, both in this country and overseas, which are linked to London University. He made many visits to developing countries as a lecturer, examiner and adviser on academic matters. He was the representative of the Faculty of Science on the Senate of the University of London and gave freely of his time and effort to the affairs of this parent body. The most difficult paths were made smooth by his patience and understanding. We shall not meet a man of his calibre and human qualities for many a long day and our association with him will long be remembered as an experience which has enriched the lives of us all.'
As already remarked Tolansky was frequently asked to act as examiner and often as chairman of examining bodies particularly in the University of London. He also took a leading part in examinations of quite different kinds for the Royal Society of Arts and for the Gemmological Association. What were the qualities which caused him to be so often asked to undertake examining: a high standard of integrity; an acute critical faculty ? These were there but there was also an inbuilt fairmindedness, an ability to see an examination from the examinee's point of view. He had judgement and experience enough to know that even brilliant candidates can make 'howlers' at times. He felt that even the unpleasing and untidy work of a difficult candidate must still be sifted for its merits and be judged on its merits, judgement being tempered with mercy.
In all this work he was helped by two things, a large reserve of strength and energy and an exceptionally good memory. As a research student he worked up to sixteen hours a day for considerable periods. In later life he could take home a big pile of examination papers at the end of a normal day's work, finish mark ing them at 3 a.m. and still be able to do the next day's stint. Towards the end of his life, he told a friend that he believed he could reconstruct from memory many of the notes he had taken as a student more than forty years earlier.
Tolansky had a kindly sense of fun. He was pleased that, when greying hair revealed his own age, his wife still retained a youthful appearance. On one occasion, he introduced his wife first and then his daughter to a stranger who on the second introduction was clearly surprised at the small apparent difference of age. Tolansky whispered to him 'daughter of my first wife of course' which was true since he had only one marriage but not in the sense which his hearer so readily accepted. Tolansky gave one television broadcast in which he appeared among a maze of apparatus and said that he was going to broadcast smells. One scientist who heard it said, 'He was so convincing that, although I did not believe it myself, I feared, for a moment, that Sam believed it.' Then the last sentence, revealed that it was an April Fools' Day hoax! If his sense of amusement and his critical faculty had been allied to a touch of malice he could have been a sharp and wounding controversialist. In fact, there was no malice, he was always good humoured in controversy; able to enjoy his own joke or one which went against him. A former colleague (Professor Heavens) wrote, 'in 25 years of contact w ith him, I can recall no occasion on which he said a harsh word about anyone'.
Tolansky could have succeeded in m any occupations other than the one he adopted. Yet the one he chose was probably the best for him because the academic world, for all its faults, is better than m ost walks of life for a m an who combines a wide variety of gifts and interests. I t has been said th at heads of scientific departm ents no longer do research, they organize research. Tolansky was not an organizer. H e did research and rem ained, to a considerable extent, an individual research worker to the end of his life. H e w andered unsystem ati cally over a wide range of science and learning. For him , there were not two cultures. H is interests included music and art, history and folklore, psychology and many aspects of physics and technology. H e recognized no boundaries. It was natural to him to enjoy music for itself and also to be curious about related problem s in acoustics and in the history of the instrum ents. H is interest in diam ond as a subject for physical research was inseparable from his interest in it as a beautiful thing, known in folklore to possess magical powers and from his interest in it as a useful thing in technology. H e was like a m an of the Renaissance in his breadth of vision, his enthusiasm and his zest for life and like m ost m en of the Renaissance he did not live to a great age. H ad he taken m ore thought for his health he m ight have lived longer b u t experienced less and achieved less. T o husband his resources of health and strength w ith anxious care would never have been tru e to his nature.
Samuel Tolansky led a full, rich life and he will be long rem em bered by his scientific colleagues for his devotion to the advancem ent of natural knowledge. H is many contributions to physical optics are his m em orial: they give him an assured place in the history of science. H is wife, his two children and his m any friends m ourn the loss of a m an of deep and w arm understanding and unique gentleness of heart. We are deeply grateful to M rs O ttilie Tolansky, whose portrait of her husband is reproduced, and to D r Eker, brother-in-law of Samuel Tolansky, for the considerable help they have given us in the preparation of this m emoir. T h e photograph is by M ichael Rawle-Cope. 
